The objective of this study was to determine the seroprevalence of anti-Toxoplasma gondii antibodies in sheep from the Agreste and Sertão regions of Pernambuco in Brazil and to analyze the risk factors associated with T. gondii infection. A total of 250 sheep from 14 sheep farms across the state of Pernambuco were used as samples. Indirect Fluorescent Antibody Test (IFAT) was used for the detection of anti-T. gondii antibodies, adopting a cut-off dilution of 1:64. In order to determine risk factors, farm owners were subjected to a questionnaire form enquiring about the aspects of operational hygiene and sanitary systems. Thirty-four of the 250 samples (13.60%, 95% CI= 9.61% -18.48%) in the study were determined to be positive, and 10 out of 14 (71.42%) of the sheep farms showed at least one seropositive animal. Titers for the 34 positive samples presented 8 samples at 64 (23.53%), 3 at 128 (8.82%), 3 at 256 (8.82%), 13 at 512 (38.23%), and 7 at 1024 (20.60%). After regression logistics, only the supply of silage (p= 0.009; OR=2.79, CI 95%= 1.29 -6.0) was confirmed as a risk factor. The study was able to conclude that infection with T. gondii was prevalent in the sampled sheep farms in the state of Pernambuco, and that it was imperative to adopt preventive measures in order to effectively curb the identified risk factors. Key words: Infection. Sheep. Pernambuco. Toxoplasmosis.
Introduction
Toxoplasmosis, a parasitic disease caused by Toxoplasma gondii, is considered to be among the leading causes of abortions in several countries. Among domestic animals, it is largely known to impact the ovine species to a great extent (RAEGHI et al., 2011) with several studies indicating that this impact manifests itself as reproductive failures such as fetal malformations, placentitis, stillbirths, and abortions (BENKIRANE et al., 2015; DANEHCHIN et al., 2016) .
Serological studies on the prevalence of anti-T. gondii antibodies show that toxoplasmosis is globally widespread among sheep, with seroprevalence values ranging between 5-87.5% (RAMZAN et al., 2009; WU et al., 2011; HAMILTON et al., 2014; GAZZONIS et al., 2015; HUTCHINSON; SMITH, 2015) . Similar serological studies conducted in Brazil have also reported seroprevalence values in sheep ranging between 3.7-35.3% SILVA et al., 2003; PINHEIRO JÚNIOR et al., 2009; SOCCOL et al., 2009; PEREIRA et al., 2012; NUNES et al., 2015; SILVA et al., 2015) .
Transmission of the parasite may occur through several methods: ingestion of oocysts via contaminated water and food, ingestion of tissues infected by bradyzoites, or via transplacental transfer. In case of sheep, infection usually occurs through the ingestion of oocysts that are present in food and contaminated soil (DUBEY; SHARMA, 1980) . Transmission may also occur via contaminated semen during mating (LOPES, 2010) among naturally infected sheep (MORAES et al., 2010) .
The presence of domestic cats is also considered to be one of the major contributing factors responsible for toxoplasmosis in sheep (DUBEY et al., 1986) , since feline fecal matter is known to contaminate water, soil, and pasture sources with oocysts, aiding the natural cycle of the disease (COUTINHO et al., 1982; MANAIR et al., 1996 ; VAN DER PUIJE et al., 2000) . Other factors such as spatial distribution of animals, climatic conditions, and farming and management practices are also known to influence the prevalence of T. gondii infection (HUTCHINSON; SMITH, 2015; YIN et al., 2015) .
Given the zoonotic trait of this disease and the negative impact it imposes on sheep reproduction, the objective of this study was to evaluate the epidemiological aspects of T. gondii infection in sheep in Agreste and Sertão regions within the state of Pernambuco, Brazil. 
Materials and Methods

Ethics committee
Sampling source
The study was carried out on animals from 14 sheep farms located in the following municipalities of Agreste and Sertão in Pernambuco: Águas Belas (1), Arcoverde (1), Belém do São Francisco (1), Carnaubeira da Penha (1), Custódia (2), Floresta (1), Ibimirim (1), Itacuruba (1), Itaíba (2), Pedra (1), Sertânia (1), Tacaratu (1).
Sampling
In order to determine the sample size for the prevalence study, T. gondii infection in sheep was assumed to be at an expected prevalence rate of 35.3% (PEREIRA et al., 2012) . Allowing for a 95% confidence interval and a statistical error of 5% (THRUSFIELD, 2004) , a minimum sampling size of 216 animals was calculated. Extending the age criterion to include all sheep over the age of one year allowed for a total of 250 samples to be collected.
For the selection of sheep farms, non-probabilistic sampling was used for convenience (COSTA NETO, 1977) . In order to calculate the number of animals per property, the WIN EPISCOPE 2.0 software was used with the aforementioned parameters.
Biological material
Blood samples from each animal were obtained by venipuncture (~5 mL), after antisepsis with 2% iodinated alcohol solution. The collected samples were stored in sterile tubes without adding anticoagulants to facilitate serum extraction at a later point. Each sample was then appropriately identified, packaged in isothermal boxes containing recyclable ice, and subsequently sent to the laboratory for processing. To extract serum, the samples were centrifuged for 10 minutes at 3000g. Once isolated, the serum was stored in polypropylene microtubes and frozen at −20°C for further processing.
Serological analysis
Blood serum samples were subjected to Indirect Fluorescent Antibody Test (IFAT) for the detection of anti-T. gondii IgG, considering a 1:64 dilution as the cut-off point. Tachyzoites of the T. gondii RH strain, maintained in mice, were used as antigens.
Previously extracted ovine serum samples were used as positive and negative controls for serological analysis. The reactions were considered positive when the tachyzoites showed total peripheral fluorescence and the serum samples were titrated until the highest positive dilution was obtained when subjected to IFAT.
Elucidation of the prevalence map
The georeferenced data was analyzed through the Quantum Geographic Information System (QGIS) program. The prevalence map of T. gondii infection with respect to the visited sheep farms was computed from the coordinates of the Universal Transverse Mercator (UTM) projection with the help of GPS (Global Positioning System) equipment.
Statistical analysis
Descriptive analysis was used to calculate the relative and absolute frequencies of the results obtained in the serological test. To identify the risk factors associated with T. gondii infection, a univariate analysis of the variables of interest was carried out using the Pearson chi-square test or Fisher's exact test, where appropriate. Logistic regression analysis was carried out using the Epi Info™ version 7.0, while considering the serological result as the dependent variable.
Results and Discussion
Of the 250 samples analyzed, 34 (13.60%, 95% CI= 9.61% -18.48%) were found to be positive for T. gondii. With respect to titration, it was observed that out of the 34 positive samples, 8 presented a titer value of 64 (23.53%), 3 presented a titer value of 128 (8.82%), 3 presented a titer value of 256 (8.82%), 13 presented a titer value of 512 (38.23%), and 7 presented a titer value of 1024 (20.60%).
Moreover, it was observed that 10 out of the 14 sheep farms (71.42%) showed at least one seropositive animal. Data obtained on the prevalence of T. gondii infection among sheep from the sampled farms is shown in Table 1 , and a map demonstrating the prevalence of infection is shown in Figure 1 . Analysis of the municipality distribution showed an infection rate of 71.43% in the city of Pedra (15/21). Although production animals like sheep were found to be more susceptible to infection than other species (MILLAR et al., 2008) , serological studies have confirmed the distribution of T. gondii infection in sheep with variable percentages (TENTER et al., 2000) . The prevalence of seropositive animals found in this study (13.60%) was lower than the results found in other Brazilian states (LANGONI et al., 1999; PINHEIRO JÚNIOR et al., 2009) . A previous study pertaining to other regions of Pernambuco showed similar results, with 16.90% of sheep seropositive for T. gondii infection (SILVA et al., 2003) . These variations can be attributed to factors such as sample plan, serological method used, age of the animals, edaphoclimatic characteristics of the studied regions (DUBEY; BEATTIE, 1988; VELASCO-CASTREJÓN et al., 1992; HUTCHINSON; SMITH, 2015) , and management of the study population (DUBEY, 1990 ).
Furthermore, it may be noted that possible variations were observed in antibody titer values because samples may present low titers of antibodies during initial and chronic stages of T. gondii infection (BARBOSA et al., 2003) . In experimental studies, anti-T. gondii IgG antibodies were detected in the serum of infected sheep from the 7 th day post inoculation (MORAES et al., 2010) , and the concentrations of these immunoglobulins remained elevated for a long period of time (CAMARGO et al., 1995) . Unfortunately, it was not possible to accurately determine the stage of infection of the sheep in the present study. However, performing a new serum collection within an interval of four weeks in order to determine a four-fold increase in antibody levels in the second sample would indicate the possibility of an acute infection (DUBEY; LINDSAY, 2006) . Analysis of the data regarding the prevalence of infection within the sheep farms reported a variation range between 8.33 -71.42%. This difference may be attributed to the breeding systems employed and sanitary management practices adopted at the respective farms. The number of farms with seropositive animals was also found to be high (10/14), thus confirming that T. gondii infection was widespread in the sampled region.
Univariate analysis of the risk factors of T. gondii infection (Table 2) successfully associated the presence of infection with reproductive problems in the herd such as stillborn mortality and weak offspring. These reproductive problems cause economic losses for producers. In Uruguay, 1.4-3.9% of the offspring were reported to be lost owing to toxoplasmosis during gestation in sheep, which caused an estimated loss of US $1.4-4.7 million (FREYRE et al., 1999) . GARCIA-VASQUEZ et al. (1993) have pointed out that the economic losses caused by toxoplasmosis can be of particular concern to the small-scale farmer.
Although no statistical significance in serology results was observed between the sex of the animals (p= 0.396), a higher prevalence of infection was observed in females, thereby corroborating previous studies ( VAN DER PUIJE et al., 2000; SILVA et al. 2003) . Infection in females was observed to occur more frequently possibly due to immunosuppression during gestation and lactation (UZÊDA et al., 2004) . In general, females were more likely to be predisposed to infection due to hormonal, physiological and management differences in comparison to males ( VAN DER PUIJE et al., 2000) .
Contrary to other study findings (VESCO et al., 2007; LIU et al., 2015) , no association was found between the presence of cats and the occurrence of infection in sheep (p= 0.431) in the present study. However, this may have occurred because of the sampling design used. Domestic cats have been established as definitive hosts of T. gondii and as an important factor driving infection in production animals, since oocysts eliminated in the feces of these animals is known to contaminate the environment. No significant association between the presence of surface water and serology results (p= 0.200) was observed, but the presence of contaminated surface water could act as a transmission route for T. gondii oocysts and increase the risk of infection of the animals (VESCO et al., 2007) .
The silage supply was confirmed as a risk factor upon logistic regression analysis (Table 3) owing to prolonged and improper storage practices. During visits to the farms, it was observed that cats had free access to the silage storage areas. Tzanidakis et al. (2012) have suggested that food storage areas may increase the likelihood of intermediate hosts such as rodents and that in order to control their population, owners are more likely to introduce cats on site.
With regard to reproductive problems, a significant association was observed for the following variables: stillbirth (p = 0.000) and low birth weight (p = 0.019). In addition to the reproductive issues that toxoplasmosis can cause in sheep, risk to public health is also a major cause for concern as this disease exhibits zoonotic traits. This poses a serious global health issue, especially for high-risk groups such as pregnant women (SHAAPAN, 2016), human immunodeficiency virus (HIV) patients and transplant patients (SAADATNIA; GOLKAR, 2012; GEBREMEDHIN; TADESSE, 2015; SILVA et al., 2016) . In these groups, the likelihood of consumption of poorly-cooked meat from infected animals may promote infection risks (ARMAND et al., 2015; SHAAPAN, 2016) . In light of the obtained results, it was concluded that T. gondii infection was widely distributed in the sampled sheep farms. This study was also the first to report this infection in sheep in the Sertão region in the state of Pernambuco, Brazil. Efforts to obtain further knowledge regarding epidemiology of the infection is of fundamental importance so that responsible organizations may be able to implement prophylactic measures and avoid dissemination of the parasite among animal herds, thereby preventing economic losses and guaranteeing viable sheep production.
